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HUEBNERITE VEINS NEAR ROUND MOUNTAIN,
NYE COUNTY, NEVADA

By DANIEL R. SHAWE, EUGENE E. FOORD, and NANCY M. CONKLIN

ABSTRACT

Small huebnerite-bearing quartz veins occur in and near Cretaceous
(about 95 m.y. old) granite east and south of Round Mountain. The
veins are short, lenticular, and strike mostly northeast and northwest
in several narrow east-trending belts. The quartz veins were formed
about 80 m.y. ago near the end of an episode of doming and
metamorphism of the granite and emplacement of aplite and pegma-
tite dikes in and near the granite. An initial hydrothermal stage
involved deposition of muscovite, quartz, huebnerite, fluorite, and
barite in the veins. Veins were then sheared, broken, and recrystal-
lized. A second hydrothermal stage, possibly associated with emplace-
ment of a rhyolite dike swarm and granodiorite stock about 35 m.y.
ago, saw deposition of more muscovite, quartz, fluorite, and barite,
and addition of scheelite, tetrahedrite-tennantite, several sulfide min-
erals, and chalcedony. Finally, as a result of near-surface weathering,
secondary sulfide and numerous oxide, tungstate, carbonate, sulfate,
phosphate, and silicate minerals formed in the veins,

Depth of burial at the time of formation of the veins, based on
geologic reconstruction, was about 3-3.5 km. The initial hydrothermal
stage ended with deposition of quartz at a temperature of about 210°C
and pressures of about 240280 bars (hydrostatic conditions) from
fluids with salinity of about 5 weight percent sodium chloride. Fluo-
rite then was deposited at about 250°-280°C from solutions of similar
salinity and containing a small amount of carbon dioxide. During
shearing that followed initial mineralization, quartz was recrystallized
at a temperature of 270°-290°C and in association with fluids of about
5 weight percent sodium chloride equivalent and containing carbon
dioxide. Late-stage fluorite was deposited from fluids with similar
salinity but devoid of carbon dioxide at a temperature of about 210°C.

Huebnerite in the veins is of nearly end-member composition in
the huebnerite-wolframite-ferberite series; iron content increases
with altitude in the system. The present veins are interpreted to
be near the bottom of the original system. A postulated upper part,
now removed by erosion, may have formed in granite cupolas where
deposits were richer and the tungstate much more iron rich.

INTRODUCTION AND
ACKNOWLEDGMENTS

Small huebnerite-bearing quartz veins in granite just
east of Round Mountain, Nye County, Nev., have been
known since 1907 (Ferguson, 1921, p. 388-390). The
veins have produced only a small quantity of tungsten
since their discovery, and residual surface material near
the veins also has produced a little tungsten, in 1915.
According to Schilling (1963), the total production of
tungsten from the Round Mountain district is between
1,000 and 10,000 units of WOz (1 unit equals 20 lbs).

H. K. Stager (oral commun., Sept. 1983) indicated that
recorded production is 500-1,000 units, mostly from re-
sidual surface material. Some of the tungsten veins
have been prospected for uranium (Kral, 1951, p. 154).

The Round Mountain district is better known as a
gold district, having produced a little more than 0.5
million oz of gold through 1959 (Koschmann and
Bergendahl, 1968, p. 194), both from placer deposits
and from lode deposits in Tertiary rhyolite. A
stockwork gold deposit in Tertiary rhyolite was reacti-
vated in 1976, and during the first 2 years of renewed
mining more than 50,000 oz of gold was produced (R.
J. Leone, written commun., 1978). About 50,000 oz of
gold per year has been produced since then (Russell
Wood, oral commun., Dec. 1980) for a total production
of about 200,000 oz during the present phase of mining.
Production of the deposit and development of new re-
serves are continuing. Newly discovered reserves in a
nearby ore body of 8.4 million oz gold and 15.7 million
oz silver were announced recently (Wall Street Journal,
Jan. 5, 1982).

Despite the apparent economic insignificance of the
huebnerite veins, their study is important for several
reasons. First, the huebnerite is of nearly end-member
composition, a rarity worldwide. Second, the veins ap-
pear to have been formed many millions of years follow-
ing emplacement (in Cretaceous time) of a granite plu-
ton with which they are associated. Commonly, such
tungsten-bearing veins are interpreted to have formed
as a final event related to magmatic emplacement of
granite. Third, tourmaline in the granite pluton is not
related genetically to the tungsten-bearing veins as is
common the world over, but instead it is related to
an Oligocene granodiorite stock that invades the granite
and is substantially younger than the huebnerite veins.
Finally, the huebnerite veins present evidence of two
major episodes of mineralization. The first episode saw
deposition of huebnerite along with quartz, muscovite,
and fluorite closely following invasion in Late Creta-
ceous time of the granite by aplite and pegmatite dikes.
The second episode of mineralization was introduction
into the huebnerite veins of several sulfide minerals,
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2 HUEBNERITE VEINS NEAR ROUND MOUNTAIN, NYE COUNTY, NEVADA

tetrahedrite-tennantite, barite, and chalcedony, and
formation of scheelite, in a zone spatially associated
with the Oligocene granodiorite stock, and at a time
probably shortly following emplacement of the stock.

This study is part of a broad investigation by the
U.8S. Geological Survey of the geology and mineral de-
posits of the Round Mountain and Manhattan 7%-min-
ute quadrangles, Nye County, Nev.

We wish to thank Charles M. Taylor of C. M. Taylor
Microprobe Co. for examining one of the huebnerite
specimens (DRS-79-68) by electron microprobe to
measure iron content of color-zoned ecrystals. The late
Graham R. Hunt of the U.S. Geological Survey per-
formed optical-spectral studies of several huebnerite
specimens. Discussions with C. G. Cunningham and J.
T. Nash of the Geological Survey proved helpful in our
interpretation of the fluid inclusion data, and discus-
sions with G. A. Desborough and B. F. Leonard, III,
of the Geological Survey aided our microprobe and
other mineralogic studies. Comments on the manuseript
by G. P. Landis and W. H. Raymond improved our
interpretations of some of the data.

GEOLOGIC SETTING OF THE VEINS

The huebnerite veins near Round Mountain occur in
and near Cretaceous granite that forms a large pluton
extending 23 km southeast across the Toquima Range
from Round Mountain to a long-inactive silver camp at
Belmont (fig. 1). The granite is emplaced in Paleozoic
sedimentary and metamorphic rocks. A swarm of Oligo-
cene rhyolite and andesite dikes and a granodiorite
stock intrude granite about 3 km east and southeast
of Round Mountain. Miocene silicie voleanic rocks over-
lie both granite and sedimentary rocks locally in the
area, and Quaternary alluvium fills the intermontane
valleys that flank the Toquima Range (Ferguson, 1921;
Shawe, 1977a).

The Paleozoic rocks are marine sedimentary rocks:
quartzite, silty argillite, and limestone of Cambrian
(possibly in part latest Precambrian) age, and argillite,
limestone, dolomite, chert, and quartzite of Ordovician
age. Aggregate thickness of the Paleozoic rocks, in part
probably the result of repetition by thrust faulting, is
at least 1.5 km. Locally the argillite has been
metamorphosed to phyllitic shale, and near the contact
with granite it consists of knotted (chloritoid) schist and
muscovite-biotite schist. In places the limestone is tre-
molitized strongly, although not necessarily in proxim-
ity to the granite contact. In only a few places does
limestone contain epidote and garnet, possibly as a re-
sult of contact metamorphism adjacent to granite.

“The granite typically is a coarse-grained, granular-
textured, light-gray rock that contains quartz, micro-
cline, orthoclase, sodie plagioclase, biotite, and musco-
vite. Accessory minerals are monazite, apatite, [zircon,]
and iron-titanium oxide minerals. Fluorite and tour-
maline are present locally. Some rocks of the pluton
are quartz monzonite and granodiorite rather than
granite” (Shawe, 1977a). An apparently early phase of
the granite pluton present 8 km south-southeast of
Round Mountain and extending to Belmont is porphy-
ritic and contains large microcline crystals mostly 2-8
cm long.

Much of the granite is foliated, especially near the
border of the pluton. Foliation that is manifested chiefly
by alined biotite and muscovite flakes, and locally by
lensoid quartz and feldspar grains, is conformable with
the contact. The moderately outward dipping contacts
of the granite pluton and the conformable foliation in
the granite impart a domelike form to the pluton. The
pluton is cut by numerous aplite and pegmatite dikes
and by quartz veins. Aplite and pegmatite commonly
occur together in individual dikes, and thus are coeval,
although some dikes locally are cut by younger dikes
of the same composition. Some foliated dikes are cut
by unfoliated dikes. Quartz veins everywhere cut the
aplite and pegmatite dikes. The veins include many that
are barren and some that are sulfide-bearing in addition
to those with huebnerite. In places iron-oxide stain in
granite is intense; numerous limonite pseudomorphs
after cubic pyrite suggest that most of the iron-stained
rock is hydrothermally altered granite that has been
weathered.

The date of emplacement of the granite was 90-100
m.y. ago (Shawe, 1977a). Several potassium-argon ages
on muscovite and biotite from foliated granite, pegma-
tite dikes, and quartz veins are about 80 m.y., indicat-
ing that doming and metamorphism of the granite, and
emplacement of pegmatite and aplite dikes and quartz
veins, took place in a single episode many millions of
years after emplacement of the pluton.

The Oligocene dike swarm east and south of Round
Mountain trends northeast and is about 1.5 km wide
and 11 km long. The Oligocene stock intrudes the
swarm near its northeast end. The intrusives are dated
as about 35 m.y. old (Shawe, 1977a). Mineralization that
formed tourmaline along with andalusite and dumortier-
ite in granite and tourmaline in rhyolite dikes, is spa-
tially associated with, and apparently genetically re-
lated to, the granodiorite stock. Surprisingly the tour-
maline mineralization is in no way related to the much
earlier episode of huebnerite mineralization, but as de-
scribed later, did involve a small degree of tungsten
mineralization.
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FIGURE 6.—Quartz charged with fluid inclusions (black specks), thin
section of sample DRS-78-2A. Small vug (center) is partly lined
with botryoidal chalcedony (on upper left quartz prism face) and
filled with fibrous chaleedony; core of vug is granular chaleedony.
Note the dominant subparallel orientation of trains of fluid inclu-
sions, some of which transgress boundaries of quartz crystals,
and the lack of fluid inclusions near the vug.

sions contain a second bubble, consisting of liquid
carbon dioxide, within which the gas bubble is sus-
pended. The diameter of this carbon dioxide bubble var-
ies substantially among different inclusions, from
slightly longer to perhaps twice as long as the diameter
of the enclosed gas bubble.

Fluid inclusions that contain only a single bubble are
much more abundant than those that also contain liquid
carbon dioxide. The carbon dioxide-bearing inclusions

are irregularly distributed; most thin sections examined
in this study contain very few. Locally, however, the
carbon dioxide-bearing inclusions are quite abundant,
but still unevenly distributed. One thin section of quartz
vein material from sample DRS-67-30 shows abundant
carbon dioxide-bearing fluid inclusions in one large area
that is defined by a set of subparallel trains of fluid
inclusions, whereas another part of the thin section that
is defined by another set of trains of fluid inclusions
is almost devoid of carbon dioxide-bearing inclusions.

According to J. T. Nash (written communs., January
1969 and March 1980), massive milky quartz of the
veins contains small fluid inclusions that have filling
temperatures of 250°-270°C. Liquid carbon dioxide is
present in many of these fluid inclusions. Nash esti-
mated that original fluids contained about 2-10 mol per-
cent (5-20 weight percent) carbon dioxide. Freezing
temperatures of fluid inclusions in this quartz indicate
a salinity of 5.2 weight percent sodium chloride equiva-
lent. Fluid inclusions in clear quartz crystals that pene-
trate vugs give filling temperatures of about 190°C. The
fluid inclusions in clear quartz contain no liquid carbon
dioxide. Freezing temperatures of fluid inclusions in
clear quartz indicate a salinity of 5.7 weight percent
sodium chloride equivalent.

MUSCOVITE

Muscovite is a common component of the huebnerite
veins, and although it makes up perhaps only 1-5 per-
cent of the vein material, it is everywhere present (figs.
3, 4, 5). The muscovite is colorless, very pale silvery
gray, or very pale yellowish green. It almost univer-
sally forms a thin selvage 1-6 mm thick on the vein
walls. Muscovite flakes tend to grow perpendicular to
the vein margins (figs. 4, 5). Although the c axes of
the crystals commonly are nearly parallel to the margin,
their orientation otherwise appears to be random so
that the muscovite forms a feltlike layer viewed normal
to the vein wall. In places the muscovite in the vein

FIGURE 5 (facing page).—Zoned huebnerite crystals (dense stip-
ple)grown on vein wall (black), thin section of sample DRS-79-68A.
Compound (twinned?) crystal at right displays simple growth zone
pattern. Note that crystal touches the vein wall locally, and other-
wise has grown upon quartz (solid white) or muscovite (bladed)
selvage. Complexly zoned huebnerite crystal at left commenced
growth at the left end of the compound crystal, near the vein wall.
Note that growth zones are grossly different above and below a
growth boundary that extends diagonally toward the upper left
of the crystal; uniform extinction under the microscope indicates
crystallographic continuity across the growth boundary of the two
differently zoned segments. The complex growth zonation of the
huebnerite suggests a possibly complex history of erystal growth,

partial dissolution, and regrowth of a differently zoned segment.
Fluorite (high-relief, patterned, labeled F) forms two small crys-
tals, one between quartz and huebnerite crystals near the initiation
point of the complexly zoned huebnerite crystal, and one near the
middle of the upper edge of that crystal. Barite (high-relief, pat-
terned, labeled B) forms an irregular patch on the upper right point
of the complexly zoned huebnerite crystal. Muscovite (plumose and
bladed) has grown on huebnerite crystals and in a vug (upper left).
Quartz (solid white, and marked with numerous strings of fluid
inclusions) is strained; at the left, shapes of original growth prisms
remain; at the right, quartz has recrystallized and displays mosaic
and mortar structure.



10 HUEBNERITE VEINS NEAR ROUND MOUNTAIN, NYE COUNTY, NEVADA

selvage shows a slightly plumose habit (figs. 4, 5). Thin
lensoid layers of muscovite 1-2 mm thick are found lo-
cally within quartz veins, oriented parallel to the vein
walls (fig. 3). Originally these may have been selvages
on veins that were reopened and again filled with
quartz so that the selvage that clung to the original
vein quartz then formed a layer enclosed within vein
quartz. Muscovite flakes in some of these internal
lenses have a pronounced “rake” (fig. 3) as though the
flakes were dragged out of their normal perpendicular
alinement by shearing within the vein. Irregular small
patches and clusters of muscovite flakes are found inter-
grown with quartz and huebnerite throughout the
veins.

As seen in thin sections, muscovite also occurs as
crystals 0.1-1 mm long that fill thin shears in quartz
that parallel the vein walls (fig. 4). Unlike the musco-
vite crystals in thicker lensoid layers that are oriented
normal to the muscovite layers, the muscovite crystals
in the thinner shears are parallel to the vein walls.
These thin, muscovite-filled shears are closely as-
sociated with parallel streaks of finely ecrystallized
quartz.

A purified portion! of muscovite selvage from sample
DRS-79-68 was analyzed by J. E. Taggart of the U.S.
Geological Survey using X-ray fluorescence techniques.
Results of the analysis, in weight percent, are given
in table 2. Muscovite separated from samples DRS-79—
67 and DRS-79-68 was analyzed spectrographically; re-
sults are given in table 32. These samples were hand-
picked but not carefully purified mechanically, and the
analytical results show evidence of minor impurities.

The unusually high magnesium content of the musco-
vites shown by both X-ray fluorescence and spectro-
graphic analyses, and the abnormally high silica and
abnormally low alumina shown by the X-ray fluores-
cence analysis, indicate that the muscovites are phengi-
tic. In phengite the octahedral Al is replaced by Mg
and (or) Fe*? and the tetrahedral Al is replaced by
Si. Data for a phengite of similar composition from a
pegmatite at Amelia, Va. (Glass, 1935), are given for
comparison in table 2.

Substantial amounts of silver, copper, molybdenum,
lead, and zinc in sample DRS-79-68 (table 3) are likely
present in sulfide impurities, and abnormally high
amounts of tungsten in samples DRS-79-67 and DRS-
79-€8 (table 3) are probably present in huebnerite or
scheelite. Most of the other minor elements shown in

'Purification of the muscovite entailed trimming of the selvage with adiamond saw, crush-
ing, grinding, and sieving. A 3560 mesh fraction was treated with magnetic separation
and heavy liquids; bromoform (D 2.85) floated quartz, and methylene iodide-bromoform mix-
ture (D 3.10) sank heavy minerals. The sample was finally hand picked to assure a virtually
pure concentrate (0.80 g).

ZApproximate lower limits of determination for elements analyzed by the six-step spectrog-
raphic method, data for which are presented in tables 3, 6, and 7, are given in table 4.

TABLE 2.—Chemical analysis of muscovite from Round Mountain
huebnerite vein compared with chemical analysis of phengite from
Amelia, Va., pegmatite (Glass, 1935)

[Leaders (---), not looked for]

Muscovite from Phengite from

Round Mountain Amelia, Va.,

huebnerite vein pegmatite
5i0, 49.5 49.16
Al,04 30.0 30.81
Fe (as Fey04) .17 —
Fe0 -_— 1.43
Mg0 2.94 2,22
Ca0 .05 -—
Na,0 <e2 .48
K,0 11.10 10.90
Ti0, .09 -
Py0q <.05 ——
MnO .60 —_—
S <.02 -
Loss on ignit:l.onl 3.91 -
HyO0F - 4.73
Hy0- - .15
Other — .19
Totals 98.36 100.07

130 minutes at 900°C.

the spectrographic analyses could be present in the
muscovite structure. Amounts of lithium and barium
in muscovite from sample DRS-79-68 are sufficiently
high that, if added to the components analyzed by X-ray
fluorescence, they would raise the total to nearly 100
percent.

Muscovite collected from vein material at the Dar-
rough tungsten prospect (sample DRS-67-122, same lo-
cation as DRS-73-168) has a potassium-argon age of
79.2+2.2 m.y. (Marvin and Dobson, 1979, p. 23).

ALLANITE

A few small elongate prisms of a brown, pleochroic
mineral showing inclined extinction, high relief, and
moderate birefringence were identified optically as
allanite in sample DRS-78-2B. The allanite crystals are
enclosed in vein quartz (fig. 21) and are inferred to have
been deposited during the initial main phase of vein
formation.

FLUORITE
Fluorite is widely but irregularly distributed through

the huebnerite veins. Where present it is generally
sparse and may make up less than 1 percent of a vein;
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TABLE 5.—Electron microprobe analyses, in weight percent, of 19 samples of huebnerite from quartz-vein samples collected east and south
of Round Mountain (localities shown on fig. 2)

[Analyses by E. E. Foord; variation in total and some of the variation in component values resulted from variation in conditions of the mieroprobe analyses. Leaders (--), not applicable]

Sample No. FeO Min Max MnO W03 Total No. of Structural formulas
DRS- FeO FeO analyses (basis of 4 oxygens)
67-30 1.6 1.23 1.97 21.8 77.6 101.0 6 (Mn_goFe_57)0. 99%1. 0004
67-33 1.9 .38 2.41 217 77.8  10L.4 4 (Mn_g,Fe_08)0.99%1.00%
73-17 .5 .22 94 22.9 76.6 100.0 5 (Mn_ggFe 7)1, 00%1. 000
73-19 1.4 1.05 1.57 21.9 77.2 100.5 5 (Mn.93Fe‘06)0_99W1_0004
73-21 1.5 .84 2.07 21.8 77.0 100.3 5 (Mn.gaFe.06)0.99W1.0004
73-27 1.0 .22 1.80 22.9 78.9 102.8 7 (Mn.95Fe.04)0.99W1.0004
74-66 4 .00 1.08 23.0 75.9 99.3 5 (Mn.ggFe_02)1'01W1.0004
74=70 .6 .04 .92 22.5 77.5 100.6 5 (Mn_ggFe 3)0.99%1,01%
74=72 o4 .00 .87 22.7 78.4 101.5 4 (Mn_ggFe, 2)0, 981,019
74_76 2.1 .84 3.57 21.1 76.3 99.5 9 (Mn.91Fe_09)1.00W1.0004
74-105 2.9 .17 5.94 21.6 76.7 101.2 6 (Mn_goFe, 15)1.04%0. 9994
74-193 .5 .00 .48 233 77.7  10L.5 3 OMn_ggFe 19)1 o0o%1.00%
74-200 4 .32 .39 22.6 78.2 101.2 2 (Mn.gsFe.02)0.97W1.0104
74-218 W2 .19 .29 22.9 76.9 100.0 3 (Mn.98Fe_01)0.99w1.0004
74=221 .3 .00 .43 22.9 76.7 99.9 6 (Mn_ggFe 1)9.99%1. 0004
78-1 .1 - - 23.0 77.2 100.3 1 (Mn_ggFe 0470, 98%1.0004
78-2 .1 W10 .12 231 76,7 99.9 2 (Mn_g9Fe_004)0.99%1.00%
79-67 .3 .30 .35 23.0  76.9  100.2 2 (Mn_ggFe_01)0.99%1.00%
79-68 .3 .24 .30 23.3 77.4 101.0 3 (Mn_ggFe_51)0, 9o¥1, 00%

from veins at the Hamme (Tungsten Queen) Mine, N.C.
(White, 1945; Bird and Gair, 1976), and small amounts
have been mined from or recognized in veins at Butte,
Mont., in the San Juan Mountains, in Boulder, Chaffee,
Gunnison, Park, and Summit Counties, at Leadville,
and at Cripple Creek, Colo. (Eckel, 1961), in Lincoln
County, N. Mex., in Valley County (Leonard and
others, 1968) and in Lemhi County, Idaho,.and near
Round Mountain, and from pegmatites in the Black
Hills, S. Dak. (see, for example, Palache and others,
1951, p. 1064, 1068-1070). Elsewhere in Nevada hueb-
nerite occurs near Austin (first reported occurrence of
the mineral, in 1865) and near Osceola (Palache and
others, 1951, p. 1064, 1070) in quartz veins similar to
those near Round Mountain. Huebnerite also was found
in quartz gangue of epithermal veins of the Tonopah

district, associated with sulfides and sulfosalts (Mel-
hase, 1935). Despite the description of the Tonopah
veins as epithermal, they were probably deposited at
temperatures (350°C-200°C; Bonham and Garside, 1979,
p. 107) similar to those of the Round Mountain huebner-
ite veins. Of the deposits in the United States, only
those at the Hamme Mine and near Round Mountain
are reported to contain end-member huebnerite (<1
weight percent FeO) (Bird and Gair, 1976; Shawe and
others, this report).

The huebnerite veins near Round Mountain are simi-
lar to those at the Hamme Mine in their mineralogy,
rock associations, and conditions of formation. At the
Hamme deposit quartz veins that contain huebnerite,
fluorite, sulfides, and tetrahedrite occur in a north-
northeast-trending linear belt nearly 6 km long, mostly
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TABLE 6.—Semiquantitative spectrographic analyses, in weight percent, of 23 samples of huebnerite from quartz-vein samples collected
east and south of Round Mountain (localities shown on fig. 2)

{Analyses by Nancy M. Conklin. N, not detected at limit of detection or at value shown; L, detected, but below limit of determination or below value shown; G, greater than 10
percent. Also looked for but not found: Na, K, P, As, B, Pd, Pt, Sn, Te, U, V, Zr, Ga, Ge, Hf, In, Li, Re, Ta, Th, TL (-), not looked for. Approximate lower limits (in
percent) of determination for elements analyzed by six-step spectrographic method as shown in table 4, except for Ag (0.0002), Ba (0.0003), Be (0.0002), Cd (0.005), Co (0.0005),
Cr (0.00015), Dy (0.003), La (0.005), Mo (0.0005), Nb (0.02), Ni (0.0002), Sr (0.001), Y (0.002), Yb (0.0005), Zn (0.03)]

Sample No.--- DRS-67-30 DRS-67-33 DRS-73-17 DRS-73-19 DRS-73~21 DRS-73-27 DRS-73-168 DRS-74-66 DRS-74-70 DRS-74-72 DRS-74~76A DRS-74-76B
Si 0.03 0.7 0.7 0.07 0.15 0.05 0.1 0.07 0.15 0.03 0.05 0.15
Al N .015 N .0l5 N .015 N .015 N .015 N .015 N .015 N .015 N .015 N .015 N .015 N .015
Fe 1 2 .7 1.5 1.5 1.5 W7 .7 1 v 1.5 1.5
Mg .03 2015 .003 .007 .015 .007 .007 .015 015 .015 .015 .03
Ca .015 .015 .03 .03 .07 .01 .03 .015 .03 .02 .015 -

Ti .0015 . 007 .007 .0015 005 .0015 .003 .001 .0015 L .001 .003 20015
Mn G G G G G G G G G G G G

Ag N 2002 N N N N N N N .0007 . 0007
Ba .015 .015 .05 .07 .1 .015 N .0003 .005 .007 .0015 .005 .0015
Be N .0003 N N N N N N N N N N

Bi . 007 .003 N N N N N N N N N N

Cd N N N N N N N N N N N N

Ce N .015 N N N N N N N N N N

Co N N N N .002 N N N N N N N

Cr N .0005 N .0005 N .0005 N .0005 N .0005 . 0007 N .0003 .0015 .0003 .00015 .0005 N .0003
Cu .007 .015 .015 .015 .02 .001 .0015 0015 .0007 . 0002 .007 .007
Dy .01 .005 .005 .003 .005 .003 .007 N .003 N .003 N .003 N .003 .003
La N . 007 N N N N N N N N N N

Mo N .001 N N N N N N N N N N

Nb .02 .02 .03 N .02 N .02 N .02 .03 .03 N .02 N .02 N .02 N .02
Nd N . 007 N N N N N N N N N N

Ni N N N N N N N N N N N N

Pb .03 .07 .15 N .01 .15 N .01 N .01 .015 N .02 N

Sb N N N N N N N N N N N N

Sc .003 .0015 .0007 . 0015 .003 0015 .0015 003 .0015 .002 .0015 .003
Sr N N .002 .002 .0015 N N N N N N N

W G G G G G G G G G G G G

Y .02 .007 .007 007 .007 .003 .007 .003 .003 .003 .003 .007
Yb .01 .005 .005 .003 .007 002 .007 .002 003 003 .003 .005
Zn N N N N N N N N N N N N

in a granitic (granodioritic-tonalitic) pluton but extend-
ing a short distance into phyllite wall rocks. The hueb-
nerite contains about 0.2-1.2 percent FeO and shows
growth zoning similar to, although coarser than, that
of the Round Mountain huebnerites. Microprobe
analyses of the zoned huebnerites showed that dark-col-
ored growth layers commonly contain 0.1-0.4 percent
more FeO than do the light-colored growth zones. De-
positional temperatures of the Hamme deposit probably
were less than 350°C (summarized from Bird and Gair,
1976).

The significance of variations in manganese and iron
contents of wolframites, commonly stated as the hueb-
nerite-ferberite molecular ratio (H:F), as an indication
of conditions of deposition is controversial. Early work
in western Europe and Africa by Oelsner (1944, 1952,
1954), Leutwein (1952), Bolduan (1954), Varlamoff
(1958), and de Magnée and Aderca (1960) indicated that
huebnerite has been deposited at higher temperatures
than ferberite. More recently, in the Soviet Union and
elsewhere, Churikov (1959), Ganeev and Sechina (1960),
and Taylor and Hosking (1970) presented data to
suggest that the opposite has been true. Clark’s (1970)
data on Cornwall deposits indicated that wolframite in

pegmatitic veins contained more iron than that in as-
sociated “normal” (presumably lower temperature)
lodes. Nevertheless, Hollister (1970) pointed out that
Bolivian tin districts and Peruvian and North American
molybdenum porphyry districts are zoned outward from
huebnerite-rich cores to ferberite-rich peripheral zones.
Landis and Rye (1974) noted zonation outward from
wolframite to ferberite in the Pasto Bueno tungsten-
base metal district, Peru. Other studies in Tasmania,
Europe, and the United States by Edwards and Lyon
(1957), Baumann and Starke (1964), Bird and Gair
(1976), Amossé (1978a), and Moore and Howie (1978),
indicated more complex relations between H:F and en-
vironment. The studies of Groves and Baker (1972) in
northern Tasmania showed that regional variations in
H:F probably reflect regional compositional differences
among ore fluids, these differences being much greater
than variations in the ratio within local ore areas. This
conclusion is supported by the experimental data of Hsu
(1976). Amossé (1978b) has suggested, by ther-
modynamic considerations applied to wolframite from
the Borralha Mine, Portugal, that H:F cannot be used
as a geothermometer, but rather indicates direction
toward the source of mineralization. Hsu (1976) also
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Sample No.-~- DRS-74-105 DRS-74-193 DRS-74~200 DRS-74-218 DRS-74-221A DRS-74-221B DRS-78-1 DRS-78-2 DRS-79~67A DRS-79-67B DRS-79-68
Si 0.05 0.07 0.15 1 0.3 0.15 0.05 3 0.2 0.07 0.15
Al N .015 N .015 N .015 N .015 N .015 N .0015 N .015 N .015 N .015 N .0l5 N .015
Fe L5 .3 1.5 o7 7 3 .15 .3 .3 .3 .2

Mg .007 .005 . 005 .005 .0015 .002 .007 .003 .007 .002 <005
Ca .005 .015 .05 .005 .03 - .005 .07 .05 .01 .03
Ti L .00l .007 . 002 .005 .003 .003 N .007 .03 .03 .007
Mn G G G G G G G G G G G

Ag N N N N .005 .0007 N .0007 .005 N N N

Ba .03 .0015 .05 .0007 .03 .007 .001 .015 .01 .007 .007
Be N N N N N N N N N N N

Bi .0015 N N N L N N N N N N

Cd N N N N N N N .015 N N N

Ce N N N N N N N N N N N

Co N N .0015 N N N N N N N N

Cr . 0007 .0002 .0002 .00015 .0002 N .0003 N .0005 N .0005 .0003 .0002 . 0003
Cu .0015 .03 .02 .0007 .07 .03 .02 .3 .0007 .0015 .007
Dy N .003 N .003 .003 N .003 N .003 N .003 N .003 N .003 N .003 N .003 N .003
La N N N N N N N N N N N

Mo N N N N N N N N N N N

Nb N .02 .03 N .02 N .02 .02 .02 N .02 .05 .03 .03 .07
Nd N N N N N N N N N N N

Ni N N .0003 .0002 . 0003 N N N .0007 .0015 .002
Pb .003 .05 .007 .03 o2 .05 N .03 N N N .003
Sb N N N N .15 N N N N N N

Sc .001 .003 . 0005 . 007 . 007 .007 .005 .007 .003 .003 .0015
Sr .002 N .001 N .001 N N .003 .001 N .002
W G G G G G G G G G G G

Y .003 .002 .003 N .002 N .002 N .002 .002 .002 N .002 N .002 N .002

.003

.002

.0007

N

.0007
.03

. 0007
.07

.002

.002

.0007

.0007

. 0005

concluded that H:F is of little value as a clue to temper-
ature, pressure, and oxygen and sulfur fugacity during
ore formation. Wiendl (1968, p. 265-279) showed that
pH of mineralizing fluids generally is more important
than temperature in determining the manganese-iron
content of wolframite; a lateral increase in iron results
from neutralization of ore fluids by wall rocks. Horner’s
(1979) theoretical and experimental data indicated that
huebnerite should form at temperatures above 200°C
from neutral to weakly alkaline solutions, whereas ferb-
erite should form through a wide temperature range
but from acidic solutions. Studies by Vinogradova,
Barabanov, and Sorokin (1980) suggested that ferrugin-
ous wolframites precipitated at low pH were richer in
scandium and niobium than crystals precipitated from
more alkaline (manganiferous) media. Niobium was not
detected in less ferruginous wolframites formed in a
less acid medium. Moore and Howie (1978) indicated
that the uneven distribution of manganese and iron may
be controlled not only by the concentration of these ele-
ments in ore fluids but by rapid changes in the composi-
tion of ore fluids, by competing mineral phases (for ex-
ample, sulfides) if present, and by subsequent remobili-
zation of manganese and iron. Voyevodin (1981) em-
phasized the influence of varied complex factors on com-
position of wolframites.

Oscillatory zoning of iron and manganese in wolfra-

mite crystals may be controlled by local concentration

gradients at the crystal-liquid interface, or by periodic
supercooling of the liquid, or by “constitutional” super-
cooling as proposed for oscillatory zoning in plagioclase
feldspars by Sibley and others (1976), or to the ther-
modynamic changes proposed by Amossé (1980). Major
compositional changes in broad growth zones may be
due to changes in external conditions.

Lawrence (1961) attempted to correlate the habit of
wolframite with temperature of crystallization. He con-
cluded that stout prismatic crystals grew at higher tem-
peratures, whereas platy crystals grew at lower tem-
peratures; iron-composition differences (0.5 weight per-
cent between the two types) were slight, however.
Landis and Rye (1974) showed at Pasto Bueno, Peru,
that early-stage wolframite (75 weight percent MnWO,)
formed stubby bladed crystals and was deposited at a
temperature of about 235°C and late-stage ferberite (<5
weight percent MnWOQ,) formed elongate crystals and
was deposited at a temperature of about 180°C. We
note in the huebnerite veins near Round Mountain a
tendency for stubby crystals to form where wall rock
is schist, which also is at the lowest altitude of vein
exposure and where huebnerite contains only about 0.2
weight percent FeQ. In granite and at higher altitudes,
huebnerite may occur more commonly as tapered tabu-
lar crystals, and the mineral in this part of the vein
system contains 0.7-3.0 weight percent FeO. We do
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FIGURE 35.—Comparison of iron (recalculated as FeQ) in huebnerite samples determined by six-step spectrographic
analyses, and by microprobe analyses. Numbers are sample numbers.

not have adequate data to indicate whether or not there
was a temperature difference between deposition of the
two forms of huebnerite.

An assessment of the geologic setting of the huebner-
ite veins near Round Mountain permits an estimate of
depth of burial of the veins at the time of their forma-
tion and an estimate of some of the parameters of the
hydrothermal fluids that deposited the veins. A recon-
struction of the domed granite, based on attitudes of
granite contacts and of foliation within the granite,
suggests that the apex of the pluton was about 1.5-2
km above the present erosional level. Perhaps another
1.5 km of Paleozoic sedimentary rocks lay above the
dome at the time of its formation, interpreted to be

the time of tungsten mineralization. Erosional stripping
of some or all of the Paleozoic rocks during doming can-
not be evaluated easily, and we discount it in this as-
sessment. Thus the depth of formation of the present
huebnerite veins was likely about 3-3.5 km beneath the
surface. Fluid pressure at the time of vein formation
is difficult to assess. Hydrostatic rather than lithostatic
pressure may have prevailed, because of the evidence
of some brittle deformation at the time of vein forma-
tion, and because locally much open space in the veins
implies through-going solution flow. However, at times
during the course of vein deposition, deformation took
place under high confining pressure. Such deformation
is evidenced by the recrystallization of prismatic quartz
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in the vein system.

crystals to form massive mosaic vein quartz that con-
tains carbon dioxide-bearing fluid inclusions, and by the
fact that along some vein walls partial replacement of
wall rocks rather than open-space filling took place. Un-
certainties as to the amount of carbon dioxide present
in vein fluids, the temperature of the vein fluids at the
level of and above the present huebnerite veins, and
the height of the column of fluids in the vein system
above the present veins also make an evaluation of fluid
density uncertain. We use the assumptions that hydro-
static pressure prevailed and that the column of fluids
extended upward to the surface. Like Landis and Rye
(1974, p. 1043), we have arbitrarily selected an average
density of 0.8 g/em3 (80 bars/km) as possible and reason-
able. Maximum fluid pressures at depths of 3-3.5 km
thus would have been about 240-280 bars. If lithostatic
pressure is assumed (granite density =2.65 g/ecm?),
maximum pressure would have been about 640-740
bars.

We believe that clear quartz crystals that penetrate
vugs, on which J. T. Nash (written commun., March
1980) determined filling temperatures of about 190°C
and which contain no liquid carbon dioxide, were

formed near the end of the initial episode of mineraliza-
tion during which huebnerite was deposited. Tempera-
tures at the beginning of this stage may have been
much higher. Following this stage of vein formation,
the veins were deformed, quartz was recrystallized ex-
cept where quartz prisms penetrated vugs, and fluid
inclusions, some bearing carbon dioxide, were formed
in the recrystallized quartz. Nash determined filling
temperatures of 250°-270°C for these fluid inclusions.
Fluorite that fills vugs penetrated by clear quartz crys-
tals contains fluid inclusions that have filling tempera-
tures of 230°-260°C, according to Nash, and he indi-
cated that some of the fluid inclusions with filling tem-
perature of 260°C contain carbon dioxide dissolved in
the aqueous phase. Younger fluorite contains fluid in-
clusions that have filling temperatures of about 190°C,
and these inclusions contain no liquid carbon dioxide.
These temperatures, corrected for estimated maximum
pressures at about 5 weight percent equivalent NaCl
(Lemmlein and Klevtsov, 1961, fig. 4), are about 210°C
for early quartz and late fluorite, 270°-290°C for recrys-
tallized quartz, and 250°-280°C for early fluorite, at
pressures of about 240-280 bars. At pressures of about
640-740 bars, they are about 245°C for early quartz
and late fluorite, 310°-330°C for recrystallized quartz,
and 290°-320°C for early fluorite.

A fluid under pressure of 240-280 bars (hydrostatic
conditions) and with about 5 weight percent NaCl
should boil at about 380°—480°C, and a fluid under pres-
sure of 640-740 bars (lithostatic conditions, considered
improbable) should boil at about 515°-545°C
(Takenouchi and Kennedy, 1965, fig. 5). Perhaps the
uneven distribution of carbon dioxide in fluid inclusions
in recrystallized vein quartz suggests the possibility of
boiling during the formation of these secondary inclu-
sions. However, the pressure-salinity data that indicate
boiling in the range 380°-480°C, well above the esti-
mated temperature of formation (270°-290°C) of the car-
bon dioxide-bearing fluid inclusions in recrystallized
quartz, argue against boiling. The variation in carbon
dioxide contents of these secondary fluid inclusions
suggests instead a variation with time in carbon dioxide
contents of the depositing fluids through the period of
quartz recrystallization.

J. T. Nash’s estimate (written commun., March 1980)
of 2-10 mol percent (5-20 weight percent) CO, in fluids
that were trapped in inclusions in the recrystallized
(milky) quartz seems reasonable. According to
Takenouchi and Kennedy (1965, fig. 2), in the tempera-
ture range of 270°-290°C and pressure range of 240-280
bars, at which the recrystallized quartz formed, 6
weight percent NaCl solution could contain a maximum
of 6-7 weight percent CO.. At 210°C and the same pres-
sures and salinity, the maximum carbon dioxide content
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FIGURE 37.—Comparison of FeO and MnO in huebnerites analyzed by microprobe. Numbers are sample numbers.

would be 5 weight percent; Nash detected no carbon
dioxide in quartz and fluorite that were deposited at
210°C.

The huebnerite veins near Round Mountain probably
represent the lower part of a mineralized system, the
bulk of which has been eroded away. Wolframite-bear-
ing vein systems that are spatially associated with
granitic rocks commonly appear to have maximum de-
velopment—that is, show the greatest concentration of
rich and large veins—at and near the crests of cupolas.
Examples are Panasqueira, Portugal (Kelly and Rye,
1979), Borralha, Portugal (Amossé, 1978b); several
localities in Thailand (Shawe, personal observations,

1974); Pasto Bueno, Peru (Landis and Rye, 1974); Las
Guijas, Arizona (Sheikh, 1970); several localities in Tas-
mania (Groves and Baker, 1972); and Cligga Head,
Cornwall, England (Moore and Jackson, 1977). If the
Round Mountain vein system had reached as high as
cupolas near the apex of the granitic pluton, it would
have had a vertical extent of 1.5-2 km. However, G.
P. Landis (written commun., 1980) suggested to us that
a chemically integrated continuum of wolframite deposi-
tion possibly could not be maintained through such a
vertical extent. The fact that nearly end-member
huebnerite was deposited in the Round Mountain veins
also suggests that they are near the base of a tungsten
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that the position of sample DRS-73-17 in the field of huebnerites with associated sulfides is anomalous.

vein system. Once huebnerite started to precipitate, as
hydrothermal fluids rose through fractures, solution
compositions changed so that huebnerites deposited
higher in the system were more iron rich. Thus, where
end-member huebnerite is present in a vein system that
shows systematic increase upward in the iron content

of the huebnerites, we interpret that the end-member
huebnerite indicates the lowest part of the vein system.

Assuming that huebnerite compositions changed to-
ward that of ferberite with increasing altitude in the
vein system, the diagram of iron versus altitude of the
Round Mountain veins (fig. 36) suggests that at a level
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TABLE 7.—Semiquantitative spectrographic analyses, in weight per-
cent, of five samples of tungsten-bearing quartz vein material
(sample localities shown on fig. 2)

[Analyses by Harriet G. Neiman. N, not detected at limit of detection. G, greater than

10 percent. Also looked for but not found: Au, B, Co, La, Ni, Pd, Pt, Se, Sn, Te,
U, Y, P, Ce, Ge, Hf, In, Li, Re, Ta, Th, Tl, Eu]

Sample No.--=  DRS-74=64 DRS-74-194 DRS-74-200 DRS-74-221  DRS-74-2524
510, 86 100 100 88 98

A1,04 4.3 1.8 .65 <5 <5
Fe,04 .88 .54 47 .53 .66
ca0 <1 .13 .25 .56 <1

K50 1.4 .42 .23 .24 .20
110, .10 <.05 <.05 <.05 <.05
P,0g <1 <1 <t <1 <1

Mn0 .66 <.05 .13 b <.05

s <.08 <.08 <.08 .42 .13

c1 <.2 <2 <2 <2 <2

F .08 .06 .07 .05 <04

Hg .000023 .00015 .000009 .01 .002
Au <.000005 .000011 <.000005 .000117 <.000005
Ag <.002 L0094 <.002 .175 L0105
Sn <.00001 <.00001 <.00001 .00007 <.00001
sb <.00001 L0142 L0011 .0432 .0168
Ge L0021 00044 .00085 .00021 .00018
As <.00001 .0038 .00008 L0111 L0035
Se . 00044 .00009 .00013 <. 00001 .00001

1.5-2 km higher in the system—that is, the interpreted
level of cupola formation at the apex of the granite plu-
ton—the composition of the tungstate mineral would be
about 18 percent Fe, or virtually end-member ferberite.
The uncertainty of the slope of the curve as controlled
by the data points of figure 36, as well as the uncer-
tainty of slope above the segment of the vein system
represented in the diagram, make that value of iron
content rather uncertain. Nevertheless, the extrapola-
tion suggests that the wolframite would contain sub-
stantially more iron than that present in the huebner-
ites of the Round Mountain veins, and the composition
of wolframite would be closer to compositions of wolfra-
mites in the cited cupola environments elsewhere in the
world.

Trace element components of wolframites have been
reported by a number of authors (Lee, 1955; Churikov,
1959; Ganeev and Sechina, 1960; Zuyev and others,
1966; Mineev, 1968; Takla and others, 1977; Vinogradova
and Barabanov, 1978; Moore and Howie, 1978;
Vinogradova, Barabanov, and Sorokin, 1980). With the
exception of Lee (1955, p. 5) and Ganeev and Sechina
(1960) none of these workers presented details on
methods or effectiveness of purification of the analyzed
minerals. Takla and others (1977) and Zuyev and others
(1966) reported inclusions of other minerals in the wol-
framites they analyzed for trace elements. We believe

TABLE 8.—Analyses, in weight percent, for several components of
Sfive samples of tungsten-bearing quartz vein material (sample
localities shown on fig. 2)

[SiO;, Al;03, Fe;03, Ca0, K;0, TiO;, P205, MnO, S, and Cl by X-ray fluorescence method
by J. S. Wahlberg and J. W. Baker; F. by specific ion electrode method by Johnnie
Gardner and Patricia Guest; Hg by wet oxidation plus atomic absorption method by
J. A. Thomas; Au by fire assay plus atomic absorption method, and Ag by difference,
by A. W. Haubert, L. B. Riley, and J. G. Crock; Sn, Sb, Ge, As, and Se by X-ray
fluorescence by J. S. Wahlberg, J. O. Johnson, and J. W. Baker]

Sample No.—--  DRS-74-64 DRS-74-194 DRS-74-200 DRS-74-221  DRS-74-2524
Si G G G G G

Al 1.5 0.3 0.2 0.2 0.15
Fe .2 .1 .07 .1 .15
Mg .03 .02 015 .015 .005
Ca .05 .03 .2 .3 .002
Na .5 N N N N

K 1 N N N N

i .03 .005 .001 .001 .0005
Mn .5 .05 .15 .2 L0015
Ag .0002. .005 N .1 .01
As N N N .07 N

Ba .15 .01 .01 .02 . 005
Be .00015 N N N N

Bi .0007 ,002 N .003 002
Cd N N N .003 N

Cr N N N .0001 N

Cu .0007 .07 L0015 15 15
Ga L0005 N N N N

Mo N L0015 N .0007 003
Nb .003 .001 .002 .005 N

Pb .005 .007 N 3 .03
Sb N .07 N 1 .1

Sr .005 N N 0015 N

v . 0005 N N NN

W 1 .07 .1 1 .007
b .0001 N N N N

Zn N .05 N .02 .1

Zr .003 N N N N

that the presence of small amounts of other minerals
enclosed in the analyzed wolframites was likely in many
of the reported studies of trace elements in wolframites,
and in some cases therefore speculations on the resi-
dence and absolute amounts of trace elements in the
wolframite structure are not valid. The association with
wolframite of minor amounts of minerals of certain com-
positions, however, as suggested by the analytical data,
undoubtedly has geochemical significance. Noting, then,
the uncertainty of residence of many of the trace ele-
ments associated with the Round Mountain huebner-
ites, we can point out some perhaps meaningful associa-
tions. Yttrium-group rare-earth elements dominate
over cerium-group rare-earth elements, a relation also
described for wolframites from the Soviet Union
(Mineev, 1968; Vinogradova and Barabanov, 1978). We
detected yttrium and ytterbium values as high as 0.007
percent each in Round Mountain huebnerites, whereas
Ganeev and Sechina (1960) reported as much as 0.08
percent Y and Vinogradova and Barabanov (1978) re-
ported as much as 0.036 percent Y in wolframites of
the Soviet Union. Scandium was found in Round Moun-
tain huebnerites in amounts as high as 0.07 percent,
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whereas Ganeev and Sechina (1960) found as much as
0.032 percent Sc and Vinogradova and Barabanov
(1978) found as much as 0.11 percent Sc in wolframites
from the Soviet Union. A microprobe study of five
zoned wolframite crystals from vein-type deposits (Vino-
gradova, Barabanov, and Sorokin, 1980) showed a
range of 0.17 to 1.04 percent Sc,0s. Beddoe-Stephens
and Fortey (1981) detected as much as 0.03 percent
Sc,03 in wolframite from the Carrock Fell tungsten de-
posit in the English Lake district. Ganeev and Sechina
(1960) suggested close correlations between scandium
and iron and between yttrium and manganese in the
Soviet Union wolframites, but we see no such correla-
tions in the Round Mountain huebnerites, possibly
owing to their narrow iron-compositional range. Niobi-
um was undetected above 0.02 percent in most Round
Mountain huebnerites, but it ranges as high as 0.07 per-
cent in those in which it was found. Takla and others
(1977) reported 0-0.05 percent Nb in Egyptian huebner-
ites, Ganeev and Sechina (1960) reported 0-0.1 percent
Nb in Soviet Union wolframites, and Moore and Howie
(1978) reported as much as 0.5 percent Nb in Cornwall
wolframites. Vinogradova, Barabanov, and Sorokin
(1980) reported as much as 0.56 weight percent Nb,O5
in zoned wolframites from the U.S.S.R. Zuyev and
others (1966) showed by means of selective chemical
extraction and electron microprobe studies that practi-
cally 100 percent of the tantalum and niobium in
epithermal wolframite from quartz veins is due to the
isomorphous entry of these elements into the mineral.
Examination of hypothermal wolframite (from albitized
and greisenized granite) showed that only part of the
tantalum and niobium is an isomorphous admixture, the
remainder occurring in inclusions of columbite and
microlite. An average of 0.19 percent Tay,05 was found
to enter isomorphously into the wolframite structure.
Beddoe-Stephens and Fortey (1981) detected (by elec-
tron microprobe) as much as 0.98 percent Nb,Oj5 in wol-
framite from quartz veins in the Carrock Fell tungsten
deposit in the English Lake district; minute amounts
of columbite are associated with the wolframite. Where
other minerals have replaced the Carrock Fell wolfra-
mite, no concentration of niobium at mineral contacts
was detected, suggesting that the niobium content of
the wolframite was primary. Moreover, microprobe
analyses showed that niobium enrichment occurred in
zones in wolframite close to primary crystal faces,
suggesting original growth zoning. A niobium-rich wol-
framite (20.25 weight percent Nb,O;) was reported by
Saari, von Knorring, and Sahama (1968) from the
Nuaparra pegmatite, Zambezia, Mozambique. The wol-
framite also contained 5.35 percent Ta,0j, 2.68 percent
TiO,, 1.52 percent SnO, plus Sb,Qg, and significantly,
8.43 percent Fe,03 compared to 7.43 percent FeO.

We have interpreted that much of the calcium de-
tected in analyses of Round Mountain huebnerites is
actually resident in scheelite or calcite impurities.
Phase equilibria studies by Chang (1967) have shown
only a limited solid solution between CaWO, and
MnWO, and even less between CaWO, and FeWO,.
Zinc was detected in huebnerite from only one locality
(DRS-74-221), where the huebnerite-bearing quartz
vein also contains appreciable sphalerite. Although a
complete series of solid solutions forms in the system
ZnWO,~MnWO, above 840°C (Chang, 1968), it seems
unlikely that a phase of this system is present in the
Round Mountain material.

The magmatic-metamorphic episode that was accom-
panied by tungsten mineralization near Round Moun-
tain about 80 m.y. ago may have been widespread in
the region. For example, we interpret that the Jurassic
Snake Creek pluton in the southern Snake Range in
eastern Nevada was metamorphosed and invaded by
aplites and pegmatites and mineralized by tungsten-
bearing quartz veins at various times following
emplacement; one such episode took place about 71-78
m.y. ago (data from Lee and Van Loenen, 1971; Lee
and others, 1970). At Tungsten, site of an important
scheelite-producing district in northwestern Nevada,
granitic rocks were metamorphosed about 74-79 m.y.
ago and tungsten mineralization took place about 72-76
m.y. ago (Tingley, 1975). Near the site of large produc-
tion of scheelite ores at Pine Creek, Calif., about 200
km southwest of Round Mountain, plutonic rocks
yielded K-Ar (biotite) ages of 70-80 m.y. in contrast
to surrounding plutonic rocks that yielded K-Ar
(hornblende) ages of 80-100 m.y. (Evernden and Kist-
ler, 1970). Possibly these relations indicate metamorph-
ism of the plutonic rocks in the vicinity of Pine Creek
at the time of tungsten mineralization. At the Old
Woman Mountains in southeastern California, tungsten
mineralization took place in granitic rocks that yield a
Rb-Sr (whole rock) age of 80 m.y. (Miller, 1977).

SUMMARY AND CONCLUSIONS

Huebnerite-bearing quartz veins were deposited
about 80 m.y. ago near Round Mountain, mostly in Cre-
taceous granite (emplaced about 95 m.y. ago), when the
granite was invaded by pegmatite and aplite dikes, was
domed, and was metamorphosed. Depth of burial at the
time of vein formation was probably about 3-3.5 km,
based on geologic reconstruction. Through the initial
stage of vein deposition, pressures were probably about
240280 bars or only slightly higher, and salinity of the
fluids persisted at about 5 weight percent NaCl. Musco-
vite, quartz, and huebnerite were the principal minerals
of early-stage deposition in the veins. Quartz crystals
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deposited near the end of this initial phase were precipi-
tated from solutions at a temperature of about 210°C
and contained little if any carbon dioxide. Following the
precipitation of quartz, fluorite was deposited at tem-
peratures of about 250°-280°C, from solutions that con-
tained small amounts of carbon dioxide (about 5 weight
percent?). Also, after initial precipitation of vein quartz,
the veins were deformed, and the quartz was recrystal-
lized and permeated by solutions at a temperature of
about 270°-290°C that contained carbon dioxide (5-20
weight percent?). Probably following this deformation,
additional fluorite was deposited at a temperature of
about 210°C from solutions that contained little or no
carbon dioxide. Foose, Slack, and Casadevall (1980)
documented post-mineralization deformation at the
Tungsten Queen (Hamme) deposit, North Carolina.
Casadevall and Rye (1980) presented evidence that
metamorphic temperatures exceeded earlier primary-
mineralization temperatures at the Tungsten Queen
deposit.

During the initial stage of vein deposition at Round
Mountain, some pyrite was deposited along with the
other vein minerals. Possibly other sulfides and sul-
fosalts were deposited in the veins or in altered rocks
adjacent to the veins at that time, but the amounts
were likely quite small.

After the initial hydrothermal stage of vein deposi-
tion, the veins were sheared and reopened, possibly at
the time of widespread recrystallization of vein quartz,
but more likely at a later time. A second stage of hydro-
thermal mineralization then took place, involving minor
deposition of muscovite, quartz, and fluorite, but
characterized mainly by deposition of sulfides, tetrahed-
rite-tennantite, scheelite (altered from initial-stage
huebnerite), and near the end of the stage, barite and
chalcedony. Although we have no direct evidence of the
age of this mineralization, its dominant spatial associa-
tion with 35-m.y.-old intrusive rocks (southwest end of
rhyolite dike swarm and vieinity of granodiorite stock)
leads us to believe that the younger hydrothermal stage
of mineralization was related to a geologic episode that
saw emplacement of those igneous rocks. Moreover,
sulfide and minor tungsten mineralization took place in
35-m.y.-old rocks in the vicinity of the granodiorite
stock. The mineralization of Tertiary rocks and the
presence of chalcedony in late phases of the younger
hydrothermal stage suggest that the younger hydro-
thermal stage took place at a shallower level at lower
temperatures and pressures than did the initial hydro-
thermal stage.

We note that Leonard, Mead, and Conklin (1968, p.
C19-C20) interpreted the New Snowbird, Idaho, tung-
sten-bearing quartz lode, somewhat similar to the
Round Mountain huebnerite veins, to be the product

of a single (although complex) episode of mineralization,
even though they admitted that it might consist of two
principal stages: early higher temperature tungsten
mineralization and late lower temperature sulfide
mineralization, as Schneider-Scherbina (1962) had inter-
preted for so-called telescoped mineralization of the
Bolivian tin-silver deposits.

Following uplift and erosion of the Round Mountain
huebnerite vein system in late Tertiary and Quaternary
times the veins were weathered, with the development
of numerous secondary minerals derived from the
breakdown of primary vein minerals.

Possibly the huebnerite veins near Round Mountain
represent the lower part of a vein system that when
formed extended to a much higher level and resulted
in mineralization of cupolas at the apex of the granite
pluton. By analogy with wolframite deposits known
elsewhere in the world that are associated with granite
cupolas, the richest part of the Round Mountain vein
system may have formed at that level, and thus was
destroyed by erosion long ago. If the zonation of the
iron content of the huebnerites in the Round Mountain
vein system, increasing with altitude, is valid, we are
led to believe that any such eroded deposits in cupolas
must have contained wolframites with iron compositions
much higher than those in the Round Mountain veins.
Cupolas of granite plutons in the Basin and Range pro-
vince in Nevada and adjacent States that have had de-
formation and metamorphic histories similar to the
granite near Round Mountain, and that have not been
unroofed by erosion, seem to be likely sites for
undiscovered wolframite vein deposits, perhaps of large
size. Such postulated deposits, as well as known ones,
may have formed dominantly during a major regional
event of tungsten mineralization about 80 m.y. ago.
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